Adoptive transfer of lymphocytes expressing engineered T cell receptors (TCR) is a promising option for cancer treatment and could include hepatocellularcarcinoma (HCC), where therapeutic options are limited. We have recently investigated whether hepatitis B viral antigens can act as a HCC-specific antigen and thus be targeted by adoptively transferred HBV-specific TCR redirected T cells.
HCC is the third leading cause of cancer deaths worldwide and is often associated with HBV or HCV chronic infections. In Asia, where the incidence of HBV infection is high, HBV accounts for at least 80% of HCC. HBV predisposes to the development of HCC by causing chronic inflammation but also by integrating into the genome of hepatocytes. A high frequency of HBV integrations has been observed in HBV-related HCC tumors, 1 that might result in the expression of HBV antigens in tumor cells.
We thought that this particular feature of HBV related HCC could be exploited for immunotherapy since targeting viral non-self antigens with T cells can have advantages over the targeting of classical tumor-associated antigens.
T cells specific for classical tumor-associated antigens (like NY-Eso-1, glycan-3, a-feto protein, Mage-3) are present in HBV-related HCC patients. 2 However, the use of T cells engineered with TCR specific for classical tumor antigens can lead to severe side effects due to the targeting of normal tissue 3 or induce a state of tolerance in tumor-specific T cells. 4 Furthermore, TCR specific for tumor associated antigens are often of low affinity and require modifications in order to efficiently recognize tumor cells. In contrast, T cells recognizing HBV antigens present in patients that resolved acute HBV infection express high affinity TCR. Transfer of these HBV-specific TCRs can be used to produce therapeutic T cell that lyse not only HBV infected cells but also natural HCC line with HBV-DNA integration. 5 Furthermore, these TCR-redirected T cells are not inhibited by the HBV antigen present in patients' sera, 5 a problem that might instead theoretically affect HBV-specific CAR-T cells. 6 The use of HBV antigen as a target for immunotherapy has however one important drawback: in patients with chronic HBV infection who developed HCC, HBV antigens are expressed not only by HCC cells with HBV-DNA integration but also by HBV infected hepatocytes. The risk of inducing a severe liver damage due to the targeting of normal infected hepatocytes cannot be ignored.
Our report 7 describes a unique clinical scenario with a much reduced risk of potential damage to normal liver tissue. This patient had a liver transplant and then presented with extrahepatic HCC metastasis with HBV-DNA integration producing only surface protein of HBV (HBsAg) while complete HBV-DNA, a sign of HBV replication was absent in blood and in the transplanted liver.
We first tested whether his extrahepatic HCC cells present HBV antigen in a conformation recognizable by HLA-class I restricted TCR. The presence of HLA-A0201/HBV peptide complexes on the surface of extrahepatic HCC metastasis was tested using a TCR-like antibody specific for the complex HLA-A0201/HBs183-91. The HCC cells were not only producing HBsAg, but were able to process and present HLA-A0201/HBV peptide complexes. Importantly, the expression of HBV-peptide complexes was homogeneously present in all the HCC cells derived from the metastasis.
A specific TCR targeting the complexes HLA-A0201/HBs183-91 was selected and used to engineer HBV-TCR specific T cells under good manufacturing practice for use in a compassionate, specials' license treatment. Autologous in vitro activated T cells were transduced using a retroviral vector and the patient received a single dose of~1.2 £ 10 4 TCR-redirected T cells per kg, a low dose in comparison with the ones used in immunotherapy of other tumors but similar to doses used in antiviral cell therapies. By the time of the treatment the patient's condition was very compromised with disseminated HCC metastasis in lung, bones and neck. Despite this frail condition, the cell infusion was very well tolerated. There were no signs of acute toxicities and in the 30 d of observation period after infusion we detected only a minimal alteration of ALT levels. Important observations were derived (Fig. 1) . First, despite the lack or pre-emptive lymphodepletion or and cytokine therapy, TCR-redirected T cells efficiently expanded in the patient, A high frequency of TCR-redirected T cells (2% total CD8 C T cells) was detected 30 d after infusion This is interesting since HBV-specific CD8 C T cell in patients with CHB infection or in HBV/HCC patients are not only present at very low frequency (0.01/ 0.03% CD8 C cells) but are functionally impaired. 2 In contrast, the HBV-TCR-T cells transferred in the patient not only proliferate but seem to function in vivo, since HBsAg levels dropped dramatically (3200IU before therapy tõ 300 IU at day 30) in concomitance with the HBV-TCR-T cells expansion. Therefore, in this HBV-related HCC patient, HBV antigen acts like a tumor antigen that triggers a robust T cell expansion. This observation contrasts with the deletion/tolerization of HBVspecific T cells observed in CHB patients and might be caused by the selective extrahepatic HBV antigen presentation.
Regrettably, the robust HBsAg drop was not associated with any detectable reduction of the volume of the HCC metastasis. One month after T cell therapy the general conditions of the patient declined and at week 8 brain metastasis were detected that resulted in confusion, lethargy and death, 9 weeks after therapy.
It is clear that more data needs to be gathered to fully understand whether HBV-specific TCR redirected T cells can confer clinical efficacy in HCC patients. HBV-specific TCR cells can eradicate HCC tumors in SCID mice, 8 but the multiple HCC locations present in this patient could represent a tumor burden that is too advanced to test the HBV-TCR T cells therapeutic efficacy.
One other question connected to the clinical efficacy of HBV-TCR T cells is whether their therapeutic use should be selectively applied to the cases of HCC relapses in liver-transplanted patients.
Since HCC relapses after liver transplant can be very high (about 50% -5 years in patients with liver transplant after HCC resection 9 ) and serum HBsAg recurrence is accociated with HCC recurrence (7/8 patients, 87.5% 10 ) one possibility is to use HBV-TCR T cells not only as a therapy but as a prophylactic treatment to prevent HCC seeding in liver-transplanted patients with HBsAg positive HCC. In animal models HCC seeding was blocked with the use of HBV-TCR-T cells expressing transiently TCR trough mRNA electroporation.
8 mRNA TCR-T cells are easy to produce and even though these cells will not be able to reconstitute in patients an effector/ memory T cell response, the transient expression of TCR might allow to perform a dose-escalating trials in groups, like the ones with CHB and HCC, where the potential toxicity of the HBV-specific TCR needs to be carefully tested.
At the moment, expanding the treatment to CHB patients with advanced HCC is hindered by our very limited knowledge of the difference between normal and transformed hepatocytes in term of HBV infectivity, expression, processing and presentation of viral antigen derived from HBV-DNA integration or infection.
We hope that this demonstration of the feasibility of targeting HBV antigen in HCC cells will boost the research in this area and make possible to offer a new alternative treatment to the many HBVrelated HCC patients in need of an effective treatment.
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